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The principal purpose of stating the above criteria of design is to furnish a check list which the engineer can consult to help him make sure that he has considered all of the pertinent factors in the design of his dam. An earth dam designed to meet these criteria will prove permanently safe provided proper attention is given to the details of construction.
Methods for satisfying criteria 1, 2, 6, and 7 will be discussed in this chapter.
8.  Safety Against Overtopping.   An earth dam should be designed with the spillway capacity so great that there is no danger of overtopping.   One frequent cause of the failure of earth dams is the use of spillways of insufficient capacity. A masonry dam with an insufficient spillway will generally stand overtopping to a considerable depth without serious damage, but with an earth dam, overtopping usually means failure.   Many earth dams are in use that have spillways of insufficient capacity to care for floods, which are certain to come sooner or later.
A dam with a concrete core wall is as likely to fail from overtopping as one with a core of impervious soil, since once the downstream embankment is washed away, the concrete wall is not stable and will break or tip over.
After the greatest flood to be expected has been determined, the spillway should be designed to take such a flood with a fair factor of safety. Chapter 5, to which the reader is referred, deals with the subject of spillway requirements.
Engineers frequently speak of gross freeboard and net freeboard. Gross freeboard, more properly called "surcharge," is the vertical distance from the crest of the spillway to the top of the dam. Net freeboard is the vertical distance from reservoir surface to the top of the dam at the time that the spillway is discharging the greatest flood to be expected (according to the accepted hydrological studies). When freeboard is mentioned herein net freeboard is meant unless otherwise stated.
The net freeboard should be the sum of the heights of tides, seiches, wind setup, and the height to which waves will ride up on the upstream face plus a margin of safety in feet based on judgment. For a suitable method of computing these heights the reader is referred to Arts. 9 and 10, Chapter 7. The proper margin of safety to use is dependent on the degree of conservatism utilized in determining the greatest flood to be expected. If the available data on floods in the territory are extensive and if the methods employed to determine the greatest flood to be expected are extremely conservative, then this additional margin of safety may be omitted altogether. As indicating the conservatism of the recommended assumptions, in this connection it is pointed out that, for the larger drainage areas, the peak of the flood lags considerably behind the storm and this involves the coincidence of two contingencies which have a very slight chance of coincidence except on very small watersheds, i.e., maximum reservoir elevation and maximum wind velocity.
9.  Seepage.   Seepage takes place through and under all dams, both earth and concrete.   The problem is to minimize and control seepage so that it will have no harmful effects.   The character of the materials comprising the foundation and the embankment has a very important influence on seepage and its effects. Thus, just as a matter of contrast, the author knows of one dam where seepage is